Stream riparian zones are landscape features that retain nutrients and enhance water quality. However, little is known about winter controls on nutrient transport in riparian zones. In this study we examine the distribution and movement of nitrate (NO3 ) between snowpack, underlying soils and groundwater in a rip-arian zone to qr,utriify pfocesses which control NO. transport 
. In areas that experience seasonal snowcover, intermittent winter thaws or spring melt usually represent the major hydrological event of the year.
The transport of nitrate from snowmelt through soils and into surface waters is a complex process. Solute movement in soil is controlled by several factors such as hydraulic gradient, hydraulic conductivity, soii texture, antecedent moisture conditions, unfrozen water content and solute concentration (Jones and Bedard, 1997; WllIiams et a/., 1996) . The presence of frozen surface soil with moderate to high water content can limit infiltration and cause overland flow (Kane and Stein, 1983; Granger et at.,7984 (Jones, 1999 (Jacobs and Gilliam,1985; H111, 1996; Cey et al.' 1999) . The majority of nutrient retention studies in riparian zones have been conducted during the growing season when plant biomass and soil microbial activity is high. Few studies have examined winter controls on nutrient transport in riparian zones, particularly the distribution and movement of NO.-between snowpack, underlying soils and shallow groundwater (Brooks et al., 1998 (Environment Canada, 1998) . During the winter, prevailing winds are from the southwest and atmospheric pollutant loads containing NO, and S originate from the American midwest (Keith and Di1lon, 1998) .
The studv site is located in the riparian zone on the west bank of Laurel Creek, approximately 1 km above Columbia Lake in Waterloo, Ontario (Figure 1 ). Land use upslope of the study site is predominantly parkland. Soils are silty and alluvial in origin with abundant surface litter (Presant and Wickland, 1971 (Figures 3a and 3b ).
During the peak snowfall (JD 42 and 43), the SWtr increased from2.3 cm to 3.8 cm (Figure 3a) . The predominant wind direction during the event was from the NE and NNE whereas preceding snowfall events, originated from south and westerly direction (Environment Canada, 2000b) . The daily mean air temperature exceeded 0"C up to a maximum of 4"C on JD 53, and remained above freezing for four days ( Figure  2a The pH of groundwater, river water and snow was slightly basic over the study period (Figure 6b) NO, attenuation, Lewis and Grant (1980) found that the snowcover itself can protect the ground surface from freezing, thereby allowing microbial activity to take place. Our results suggest that the vegetation cover, which influenced the thermal regime before, during and after snowmelt also affected nitrate dynamics at the site.
The change in NOr-concentration during snowpack accumulation on JD 12 was attributed to the change in wind direction (Keith and Dillon, 1998 (Hill, 1996) . During spring when rapid surface flow occurs, the potential influence of the riparia n zofle to attenuate NO.-is diminished.
